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Summaq:Thk ntsted case control study assessed the re- 
lationship of Iung cancer and time exposed to taIc. while 
conrrollin~ for sxhoking. other talc exposures. and non- 
talc exposures. There were 22 lung cancer cases (91% 
smokers and 9% former smokers1 and 66 convok (27% 
nonsmokers. 9% former smokers. and 44% smokers). 
Smokers were at sixfold increased risk compared to non- 
smokers and ex-smokers. When stratified by smoking 
SZ~N,  risk of lung cancer decreasedwith talc tenure rind 
remained negative when exduding cases With < 20 years' 
latency and short-term worken- These data susses that 
nontalc exposures are not sonfounding risk factors while 
smoking is. and that temporal and exposure-response re- 
lationships are consistent with a smoking enoiog but 
not an occupational etioiog for lung cancer. 

Key words: Talc - Lung Cancer - Amphiboles - Case 
controi study - Tremolite 

Introduction 

In 1980 the National Institute or Occupational Safety 
and Health (NIOSH) pubiished a morbidity. mortality. 
and environmental study of miners and millers at the 
Gouverneur TaIc Cornparry (GTC) (Dement et at. 1980). 
Ten years later an updated portion of the earfitr report 
was published as a health hazard evaluation ( W E )  
(Brown et 31. 1990). During this period there tvere two 
other rnonality studies of basically this same cohort 
(Stille and Tabenhaw 1982: Lamm ct 31. 198s) as wcil as 
considerabie discussion regardinp rhr mineniogicd com- 
position of the taic and the cause of rfir e.ycess iun, 0 can- 
ccr rnondity. Varicus causes for the escess were sug- 
gested incfuding the amphibole mincnis in the talc. prior 
employment in ocher industries andlor in other New 
Yo& talc companies. and smoking (Brown c" 31. 1983: 
Tabershnw and Thompson 1%: Dement 3nd Brown 
193'2: Thompson 19s:: Tayior l%1: Campbell et sl. 

1979; Campbell 1978: Kefse and Thompson 1989. 1990: 
Dement 1990: Vim 1985: Reger and Morgan 1990). 

The original design of the HI-€€ inciuded updatins 
rhe original cohort and conducting a nested case control 
study (Gamble and PiacitcfLi 1988). The nesed case con- 
trol study reported here investigates the confounding po- 
tential of non-GTC risk factors and exposure-response 
rehtionsfiips while controlling for these risk factors and 
using tenure as the surrogate for exposure. Analysis by 
cumulative exposure remains to be published. 

&fateriais and methods 

-41 wes and controls w e n  from the coho= of 710 white males of 
GTC talc worken employed between 1947 and 1978 with follow- 
up rhmugb 1983 (Garnbie and Piaateffi 1988: Brown er aI. 1990). 
All persons with lung cancer (ICD 162-163.8th Revision) certified 
as the underfying cause of death on the death ccmficatc were de- 
fined as cases. Each case was marched with three conrrols in whom 
all categories of nonneoplascic respiratory disease (ICD 460-5191 . 
and accidents f ICD E800-E9491 had been exciuded: conrrols were 
%kcred born sunisors and deceased by reference to the closes~ 
match wirh resoen to date of birth and date of hire. Controls must 

Information on each case and control concerning tobacco use 
and work history was obtained from interviews of the person him- 
ssif (if living) or from reiatives or friends. Interviews were con- 
duaed over the phone whenever possible. or by mail if not. Also. 
rsntkttion from ocher sources was done whenever possible. For 
esample. seven1 relatives were asked about smoking and work 
historl;. Informarion from GTC pcnonnei records provided some 
FrC-GTC employment history. Contimation of previous employ- 
ment was obrainsd when possible by conraains rhe prc\*ious 
employer dire:$. 

TaIc mining has gone on in this region of New York for many 
yean. and some of rhe cases and controls had worked J C  other talc 
mines in addirion to the GTC tiic mine and mill. One anaiysis 
therefore adds nnn-GTC talc ernpioymenr to that of ye3n . s o r k d  
ar rhc GTC talc mine or mill. 
To control for possible coniounding due to nontaic exposure. 3 

panel of nine apidcmiologists and industrial hy_eienis<s rated [he 
risk of lung cancer associated with nonralc jobs as listed in the 
work histories withiiut knowledge of case and control 5t;ltu~. Each 
nonraic job was r ~ r d  as *probable." -possibie." or "no*- risk of 
job-associated lung k%ncer: each ca tqxy  was given a score of>.  1. 
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and 0 respectively. A composite score for acfr job was compiled 
from the nine ratings. An individual3 total score was b e  c o m p  
site m r e  for eacb job multiplied by years in that job. and summed 
aver ail jobs. Total scorn were divided info four utegorits of 
roughiy comparabie S i Z t .  Esdmates of the odds ratios (OR) for 
each calepory and trend analysis were w d  to a s p  whethei Ron- 
talc exposure represented a risk fafsor drxrving con& in rhc ex- 
posure-response analysis. 

The ca~f and controls were divided into rwo mure groups 
(<5.5-L5. U-36: < 1.1-9.10-19.2tE-36) for Ific major anaim 
of e.sposm-nrponse niationships tGamble and Piadtcfii 1988). 
Since the results for both l t n u n  analysis were similar only one te- 
nure -muping is rcpo~cd h m .  This analysis was done using GTC 
tenure with all cases and conmfs. and &en repeated induding 
only smoktrs. Addirionai analysis by GTC tenure for smoktrs only 
was done with cxdusion of-& oxs and conwis aith: < I year3 
tenure: < 20 y e 3 ~ '  farmqz < 20 yean' latency and C 3 mondu' tc- 
nure. X similar anaiyis was npcatcd using aiI talc tcnluc (GTC 
pfusnon-GTc). . 
ii linear m n d  in h e  OR by exposm was estimated followins 

the merfiuds dcxriLfed by Rodunan 19861. Using a least squares 
approach-p a weis$red regression w h m  b' = bI/b,,. r i ~ e  slope b' 
was estimated from rhe quation case conno1 OR = bn + bg .  Tfte 
dope b' describes mathematidy rhe d m g e  in OR for each year 

Table I surnmarim descriptive information on the cases 
and controls. All Of rhe 22 cases were either smokers 
(91%) or ex-smoken (9%). while of the controls. 42 
(64%) were smokers. 6 (9%) ex-smoktn. and 18 (27%) 
nonsmokers. Cases and wntrols who smoked w c n  quite 
comparable in age, year of hire. and age at hire. Con- 
aols were somewhat heavier smokers than cases. and 
controls who smoked had almost twice the tenure of 
cases who smoked. Tables 2 and 3 presenr more detailed 
information on the 22 cases- 

CaxS Controls 
(n = 221 In = 6661 

Table 1. Charafferisuu of lung cancer cases 
and conrrois 

. Mean year of finr employment 

Mean age at firs cmployrient 

Mean year of binh 

Mean years worked 
Mile311 (SD) 
Range 

htem years worked. ail raic 

Ex-smo kcrs 
Yo. (Yo 1 
lfean ciglday (SD} 
Mean pack years (SD1 
Year of hire 

Year oi binh 
Yemworkcd [mean cSD11 

. . .. . - - - - . A P e . a t h i r ~ ~ ~ ~ . - -  ..---- - -  .-- --- 

CTC 
.u1 talc 

Smokers 
Bo. ?o t 
Mean ngiday (SD) 
Mean pack years tSDt 
>lean zge began smoking (SD) 
Year of hire 
Age 31 hire iSD) 
Yc3r of hinh 
\'ears wmtked Imem [ S r ) ) ]  
CTC 
A11 talc 

Son-smokers 
Ytl. I "*,) 

1949.7 

3%. 6 

1915 

6.6 (8.6) 
(0.003-23 5) 

7.7 (9.2) 

2 (9) 
20 (9) 
19.5 (9.11 
1953.5 

- 375 (9.2) 
1915.5 

15.3 (2.5) 
15.3 ( 2 . 3  

10 (91) 
3 . 7  (12.0) 
53 (3 1.9) 
13.0 (3.7) 
1949.3 
--+.J (8.51 
19 14.7 

1.1 (R. 1) 

2 ,  .. 

h.b (8 .9 )  

(1 I-) 

1949.5 

u.1 

1915 

9.2 (11.1) (P = 0.081 
(0.003-35.3) 

9.9 (12.11 (P = 0.12) 

6 (9) 
48.3 (13.3) 
57.5 (3.0) 
1950.0 
32.5 (8.7) 
1916.8 

4.6(9.8) (P=O.ILI 
4.9 (9.6) ( P  = 0. I l l  

t 

42 (&). 
'7.4 (12.7) 
61.9 (34.1 ) 
16.7 (5.5) 
I Y49.2 
31.7 ( 7 . 03  
I Y 16.3 

IS ('71 
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b Table 2. Case m i e w  of luno cancer deaths among taIc minus and millers 

Case &ear Srnokinn Talc work hiaory 
no. Sam Age i aunq  C i g J  

90 42 21 0.05 0.05 
20 unk 41 3 23.5 23.5 

10 8 39 16 2.83 283 

8 68 5 .  tz 56 20 56 35 33 0.35 3.35 
58 s - Unk. Unk 20 Unk 2.4 24 - 0.64 .06 

10 64 S 3- 39 20 38 34 M 1-49 2.02 
45 30 56 36 23 11.78 235 

* l 2  62 ?S 20 42 . u) 84 32 M 22.51 23.5 
l3 63 : S  unk Unk 20 Ullk 3 32 O.cO3 0.003 
14 53 S Unk Unk 10 Unk 31 22 0.l5 (J- u 

\ u 65 EX Unk Unk 20 Ullk * 31 34 20.0 20.0 

17 54 S 19 35 20 33 :4 24 231 959 

19 53 S Unk Unk 20 Unk 16 27 0.21 0.21 
20 45 S 20 . 25 u) so 24 21 0.15 0.15 

3 63 S 18 45 40 
4 73 5 Unk L'd 
S 52 S 19 33 3 
6 55 S 29 26 
7 62 EX 17 

9 

5 47 5 531 5.31 

45 20 36 +I I8 16.7 16.7 

' 11 59 . .s . 14 

16 63 S 15 -18 50 IZO 3 33 16.67 16.67 

18 39 S 14 25 20 25 27 l2 2.58 2.58 

21 49 S 17 32 20 23 2.5 24 17.38 I738 
22 56 __---- S 18 38 u) 76 23 33 0.16 0.16 
Unk. Unknown 

Three potentially confounding risk facton are of pri- 
mary concern: nontalc e.xposure. smoking. and non-GTC 
talc employment. Table 4 presents ORs for all cases and 
controls by estimated risk from nontaIc exposure. The 
highest and medium-low scores showed a decreased risk 
while the medium-high score was slightly elevated. The 
slope of the OR (b ' )  was negative (-0.0008L At the 
midpoint of the hi@ nontalc exposure group (score = 
377). the esrimarea OR from the regression model OR = 
1 + 6' (exposurej tvas 0.70. with Ils'?LCI-of 0.25 and-. 
1.08. Since rhere was no trend for the risk of lung cancer 
to increase with nontalc exposure and therefore no ap- 
parent confoundin$. this factor is not controiled in fur- 
ther anaiyses. 

TabIe 3 presents the risk of lung cancer by smoking 
category and cigaremdday. Smoking cigarettes increased 
the OR for lung cancer almost sixfold compared to com- 
bined nonsmokers and ex-smokers. and 1.4 times com- 
pared to ex-smokers. There was little npparenr differ- 
ence in zhe OR for lung cancer bp the niimber of ciga- 
rettes smoked Fer day. Smoking is controlled in some of 
the subsequenr analyses by including only cases 3nd con- 
trols who smoked. 

Table 6 presents the relative odds of Iuns cancer by 
tenure goup  for a11 cases and controls. 8 R s  were around 
the null value with increasing tenure. The point estimates 
for the stope ofthe OR was ne_eatist. but the upper Y5'% 
confidence limit was positive. At 23 Y ~ W S '  tenure the es- 
timated OR from the regression model was l).St) (0.55. 
1.06). 

---3 i 

. 

When only smokers were considered. ORs were Iess 
than 1 with increasing tenure (Table 7). ?he point esti- 
mate of the slope and the upper 95% CI were both nega- 
tive. At 25 years' tenure the estimated Or  was 0.39 
( O J l .  0.67). 

Tables 8-10 present data for smokers only and in- 
clude oniy cases and controls with 21 year's tenure 
(Table 8). 2 20 years' latency (Table 9). and 2 20 years' 
latency and > 3 months' tenure (Table 10). The resuits 

- are similar to those observed i.n Table 7: the ORs a11 de- 
dine with increasing tenure. the siopes are negative. and 
the upper 95'6 CIS are negative. except in Table 10. 
where the upper 95% CI is positive. 

Another possible confounder is employment at non- 
GTC talc mines and milk. Table 11 compares the risk of 
total talc employment (GTC plus non-GTC) for all cases 
and controls. The only change was one more case in {be 
Z 13 year tenure group and one less case in the < 5 year 
tenure group. The OR dope was positive. and at 25 
years' tenure the estimated OR was 1.03 (0.73. 1.33). 

Table 12 compares the risk of total ralc ernploymenr 
srrarified by smoking. Tne slope and upper 9% c1 are 
negative. ~t Y rears' tenure the estimated OR is 0.5' 
(0.21, U.871. 

' 
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Carpcnrcr 

Painter 

mw&hr 

Miller- oiicr. forkiift op. 

Laborer. oiler 

Blaskrrairfi and wdder 

Mncr 
Mudcr. machine man 

Muckcr and driIler 

Mu&er.and M c r  . 
Trammcr. efccrrician. d r i k .  
E m c o  q'.. scraper op.. rnuchr 

Muckcr. Eimco op.. driller 
hoisrman. aammer 

Mucker 

Mudter 

Mudrer. scraper op.. Eimco op.. 
shaft mucke:. driller 

Miner 

Muckcr. driller 

Mucker. Emco OQ. 

.. c 

Mucker 

Btacksmirfi 

Laborer. rniilcr. cai. process OF.- 
wheeler mill. process air op.. 
csr finer 

Laborer 

-. --... - .... - 

Painter (35). Purd~+ng dcrk (ikon. St. Joest (16) - -- 

welder (5Ieel: mifi) rlo). papa mill 6) - 
Driilcr ( 16) 

Mine (> 9). foundry (molder) (12). cnns&au w r t r  

Road cormrutxion (5). mint bladcunirt! and rvtLier (6). car mcEfianic (3). welder 
f 10) 

Dairy farmer 1 3 )  

Drifler (talc cod. dncf (18)- St. Lawrence Seaway (5) - 
Sr. Joe lead (2). paper m. (2). Inr, Taic (1). farm (5). army (+;unknown (U) 
~~irary(7).Inr.Taic(I).manufanuring (?) (18).pudsdrivcr(17) 

bfucker. driIler rSt. Joe Lead) (2). packer (Takf (1). farm 13). sinking shafts (1) 

Driilerfiron) (191,Qiryfann13).~arpcntn:fl).rnnsrmcdon (31) 

Farm i l l )  

Farm. feed mil1 (11. operator (aluminum company) (11 . _ _  _ _  

(4). ALCOX (9). driller (6 mo). sawrd. unknoan 13). const, drifleq(3)- 

Farm ~23). zinc miner (3). hcaw equiprncnr op. (5). zinc mill (5)  

Farm. muckcridriUcr (talc) (7). blaster (iron Mine) (19) 

Sluckcr (1). ALCOA (3 mo). military (I). manufarmring bowling pins ( I f .  
unknown f 1) 

.Army (7). manuiacruring (1). miner (3 mo). farm. (J moi. sawmill (I). rridio 
repair. TV repair ( 5 )  

Quarry (> 1). .4LCOA (5). driller (iron) (4 mo). roofer (hot rarl(2). machinisr 
15). foundry (1) 

Piper miil(9L srock cfcrk (7) 

. 

. .  ... ... ....__.. ....... - 
Road crew 13 mol. St. Joa  Mineral (1). iron mint (6 mo]. foundry (moldcri 
(4 mo). consrruaion (1 mok navy (3). custodian (22) 

'Figures \\irkin parenrkescs represent of empio~ment. unless orher\\ise indicated 

cause of the eievated snndardized m o d i c y  ratios (SMRs) 
for lung cancer xhich were obsened in the prwious 
cohorr &dies (Dcrncnr e: a!. 11380rStille and Tabershaw 
1982: Lamm er 31. 198s) and which remained at'rer 8 
more yean of foilow-up (Gamble and Piacire!Ii 1988: 
Brown et ai. iY901. To do this it is necessary ro address 
the issues of possibk confounding from other oscupa- 
tionaI exposure. non-GTC talc exposures. and smoking 
2nd to emIu3te rsposurr-response. There was no nppar- 
cnt confounding from orhe: exposures 3s rhe ORs showed 
no trend to increase with incressins risk scores from 
nontalc ernploymenr. .As expected. srnokins IKIJ ;I risk 

. 

f3ctor for lung cancer and was more prevaienr among 
c s e s  than controls. thereby confounding the analysis 
and e!evating the obsered  risk rario in the cohorr srud- 
ies. The exposure-response relationship for all cases and 
controls was slightly neeative. but npr sratisticalIy 5ignifi- 
cant. When controlling for smoking the trend was neparive 
and sratistically signiticanr: that is. as tenure increased. 
the ORs for lung cancer decreased and the upper 95% 
confidence limirs were negative. The tinding of a de- 
creased risk ratio with increasing renure was not mate- 
riaI1y affecied by non-GTC talc esposure and remained 
when cases and controls with less than 10 years' lattncy. 
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< 1 year-s tenure. and kss tfian 20 years' latency and 3 
monfhs' tenure were excluded. 

Illere is a potential for misclassification of nontalc 
exposures and smoking history. Nontalc exposures were 
cuiIened from several soucts incfuding personnel re- 
cords and questionnaires administered to subjects or sur- 
rogates. Assessment of risk by the panel was done blind. 
The incompleteness of the non-GTC work histoq- should 
be similar for both cafes and dead controls. If there is a 
r e d  bias it sfiodd be -arater r e d  for the controls than 
cases, If presenr. this wouid tend to increase the risk 
away from the null. 

Smoking hinory was obtained by questionnaire. and 
from several surrogates for cases and dead controls. Two 
studies (Kolonel 1977: Lerchen and Samet 1986) indi- 
cate 96% and 100% agreement of smoking status w-hela 
comparing wives' responses to those of their husbands. 
Thus classification by smoking status is likely to be quire 
good. If there is recall bias it is most likely to be less re- 
colIection among cases than among controls. 

Table 5. Luns cancer risk by smoking S I ~ ~ I ~ L S  
and cigartncs unokedlday: 311 cases and 
controls [smoken compared to (1) ex-smok- 
en and nonsmokers and (3 ex-smokers 
only1 

kreased  risk of lung Cancer was present among 
workers with short tenures (Dement et al. 1980: Brown 

a!, 1988). Several psfibit expima- 
rions have been given for this observation (Brown et al. ~- 
1990). One is that exposure to other lung carcinogens 
mai have occurred via non-GTS employment. Six of the 
22 cases had some known non-GTC talc employment. 
No increased risk was found for either nontalc employ- 
ment nor for total talc emplo_vmc~t (both GTC and non- 
GTC) when controlling for srnoking. Second, it has been 
suggested that short-term employees may have had very 
high exposures. In this study cases were matched on date 
of hire and 50 controls had as great an opportunity of 
high exposure as did cases. Further. removing shon- 
term workers (1 I year's tenure) from the analysis did 
not affect the resufts. Thus these hypothetical expiana- 
tions do not appear to be valid. 

Another purpose for conducting the case control study 
was to adjust for possible confounding effects of smok- 
ing. In an S M R  analysis using the U.S. population as-a 
standard, the smoking habits of the exposed and referent 
populations may differ. thereby in part explaining the 
high risk ratio for the talc workers. It has been suggesred 
that smoking alone does not account for the excess as the 
1976 smoking habits of the GJX workers %ere not 
much differcnr from those of U.S. white males" (Brown 
et al. 1990). However. the smoking habits of the 1976 
GTC workforce do not necessarily reflecr the smoking 
habits of the cases. One way to employ a more appropri- 
ate reference group is to use workers drawn from the 
same population as $e cases. as was done in this study. 
Such an internal comparison population shows quite dif- 
ferenr smoking patterns from the cases; 91% smokers 
among cases vs 19% among controls- and 0% nonsmok- 
ers among cases vs 27% among controls. 

Another argument against srnokins explaining the ex- 
cess risk is -even if 100% of the cohort were smokers. 
the risk for lung cancer would have been increased only 
by 60% or an SMR of 160" (Brown er al. 1990). As it 

* 

. - _.- .. -. ... . -  
Cases ControIs Odds r an '~  {95?6 CII 

Smoker 10 42 1.71 (0.36.7.81) 123 (0.31.9.07) 
.) Ex-smoker - 6 1.0 (Ex-smoker and 1.00 (Ex-smoker only) 

nonsmoker) 
Nonsmoker 0 1s 



454 

Table 6. Lung cancer risk by tenure at GTC ail c a x s  and Controls 

Tenure-yean Caws Controls Oddsrauo 
l5-36 6 21 0.k ' 
5- I5 - 7 5 1-14 
25 14 M 1.00 

22 66 

*  slop^ of OR b' (SE)=-0.008 (0.003): b'=biIb,- !?5% a of 
6' .P -0.018. +0.0(12: 6, 1.03: bt = -0.008 
Errimated OR (95% C?l at 25 y a s '  mure = 1 - C-O.oOe) 
(25) = O J O  (055.1.06): A- = 0.U (YS) 

Table 7. Lung cancer risk by tenure at GTC: smokers only 

Tenun-yeG cafes conmls oddsratio 

U-36 - -  4.- U 0.42 
.) 5 0.53 5- t5 L 

t 5  14 22 I .w 
20 42 

S~OPC of OR b' (SElx -0.024 (0.0061: 95% CI 
bn 1.W. bl= -0.03 

4.04. -0.01: 

Estimated OR (95% CI) at 25 ycars' tenure = 1 + (-9.021 (3) = 
039 (0.11.0.67): f = 1.78 (NS) -. .. . --... 

, -- 
Tabie 8. Lung cancer risk by tenure at GTC: smokers oniy-wirh 2: 
I vear's tenure 

Table 10. Lung cancer risk by tenure at GTC: smokers only with Z 

Tenure-years Cases Controls Oddsratio 

?A -v . yea- .= I A L ~ A L :  *---. ail6 > 3 month  trnurc 

15-36 4 3.5 0.73 
5-u I - 4  0.69 
3mo-5yr 4 11 1.0 

9 M 
Siop of OR b' (SE) 
bo = 0.98: b, = -0.01 

1.08): r = 0.uo 

-0.01 (0.01): 95% CI (-0.02. +O.M3): 

OR at 25 years' tenure = 1 + ( -0.01) (25) = 0.74 (0.N. 

Table ll. Lung cancer risk by total & tenun: ail cases and con- 
pois 

renun-years caxs Controls Oddsratio 
~ 

I541 7 21 1.03 
5-15 2 5 1.23 

( 5  13 u3 1 .o 
22 66 

Slope of OR b' (SE) = +O.COl (0.006): 95% CI = -0.01. +O.OI: 

Estimated OR at 25 yean' tenure = 1 + (0.001) (25) = 1.03 (0.73. 
ba = 1.03: bl= 0.001 

1.33): xz = 0.m (NS) . .  

Table fz. Lung cancer risk by total talc unurc: smokers only 

Tenure-yean Cases Controls Odds ratio 

15-36 4 15 0.53 
5-u. 2 5 0.80 
1- 5 4 8 1 .o 

Tenure-yean Cases Conrrols Odds ratio 

UJI 5 15 0.56 
5-15 2 S 0.68 

< 5  13 22 1 .o 
10 28 

Slope ~i OR b' (SE) 
b,, = 1.w: b,  = -0.02 

-0.019 (0.007): 05% CI = -0.03. -0.006: 

Estimated OR (952 CII a1 15 years' tenure = 1 + (-0.0191 (U) = 
0.52 (0.19. 0.84): x- = 0 . 2 7  ,: .... ,..... 

20 42 

Slope of OR 6' (SE) = -0.02 (0.01): 95% CI: -0.03. -0.M35: 

Ertimaud OR at 25 years' tenure = 1 i (-0.02) (25) = 0.54 (0.22. 
bn= 1.03: bl =i -0.02 

0.87): x'= 0.84 (&'XI . **-. ___--- - _-_- .-...... .- - 

Table 9. Lung Cancer risk by tenure at GTC: smokers only with Z 
20 S c m  Iatenct. 

Tenure-ycan Cases Controls Odds ntio 

15-36 4 15 0.49 
S- IS I 4 0.46 
eS 12 II 

17 41 

1 .o 97 

turns our. 100% of the cases were smokers. TIC? overall 
SMR for lung cancer ivas 207. wirh a Iowcr ' E 0 a  Cf of 
120: in the 2 2 0  year latency Sroup. the ShfR \ v a  3% 
with a lojser 35% CI of 157. Thus one cannot distinguish 
between the hypothetical SMR of 1hO and thc acrual 

SMR for either all the lung cancer cases or for those with 
2 20 years' latency. The inverse and sratistically signifi- 
Cant exposure-response trend found in the case control 
analysis points up the confounding effect of smoking in 
the cohort analyses. The Iack of an exposure-response 
trend with talc tenure is contrary to conventionai wis- 
dom and to the conciusion that workplace tal? exposures 
account for the increased risk of lung cancer. 

Temporality is the oniy standard that may provide in- 
disputable evidence thar an association is not causal 
(Rothman 1986). A period of 20 or more years is a com- 

. monly used period betwetn first exposure and the induc- 
tion of lun: cancer (Selikoff er al. 1980). Since death 
often occurs fairiy shortly after diagnosis of the disease. 
the time between date of hire (or date of staning smok- 
in@ and date of death is used as the latency period. 

The range of latency for asbestos workers at hishest 
risk (textiles. insulation 1 3nd with long esposure is about 
28-54 years (Sclikoff et 31. 1980: Knos er al. 1968: Dc: 
ment et al. 1983). For a cohort exposed to high levels ot 
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g & k s  of smoking habits or =best05 exposure. haw a -" age fn-emenu are > 0.25 pnz in width (Kche and n 
kcan latency of about 40 years (Liddeil198.l). son 1989)- Based on these taineralo@cai charaaeri 

For minine cohorts exposed to nonasbestifom am- this cohort of ralc miners is considered to be expos, 
pfiiboles (and for Which there are no apparent e.rposure- talc containing nonasbestifonn trtmolite. 
response or causative rehtionships]. the mean latency Other cohort studies of workers exposed to nonai t 
ranges from 22 to 32 gars  ( B m  et ai. 1986: Cooper et tiform ampb%olcs (Brown et al. 1986: Cooper el \ 
al. 1988)- Smokers have a Iatenq of about 4 yean (Lid- 1988) S ~ O W  a lade of relationship between tenure . 
de!! 1980: Wynder and Stellman 1977). risk of Iunq cancer s i d a r  to that shown by the \ 

The mean h e  from date of hire till death in GTC When- No causal relationship is postulated in these 

smoking was 40 yean. Thus the niterion of temporality Asbestossxped cohom do show increased risk w \ 
suggests smokinz is hcreasipg tenure (Seidman et al. 1986: Weill cf ai. 19; . cancerthantalc- Amandus and Wheeier 1987. McDonald JC et aI. 198 i 

Analysis I>€ exposure-response IS an rmportant e McDonald AD et al. i983ab. 1984: Hobbs et al. 198 \ ment in the assewnent of causalin. in rhir study. bliscfas- Hughes et al. 19W. Ohlson and Hoystedt 1985) and 
sification of exposure wil1 gsnerallF reduce the risk to- c a d  relationship is postulated. Workers exposed to a: ; 
ward the null. The use of tenure as a surrogate estimate bestos were used to compare the consistency of the te ' 
of exposure wiH not resuftin xnisciassificadon ifsubjens I Fure-lung cancer association because of the contentior i 

"-_ Td---- --have the same exposure o v e r - ~ e ~ ~ o ~ ~ o ~ - l 9 8 6 ~ I f  ~ ~ - ~ t a I c  __rm con?ains asbesros [Dement et al. 1980: De. I 
posure is nor the same over time then ir may be difftcuit menr and Brown 1982: Dement 1990). Thus the negative 
to show an exposure-response relationship or observe siope of the exposure-mponse curve (using tenure as a 
decreased risg-w'rkincreased tenure. By marching for m g a t e  for exposure) is opposite to the effect one 
the period of exposure- there Fs some control for changes would expen if taIc exposure were to increase the risk of 
in exposure over rime. To reduce the possibility of expo- Iuns cancer. is consistent with exposure-response reIa- 
sure misdauification. andysis of exposure-response usin: tio=hips observed in poplliatiom mining nonasbestifom 
as the exposure variabIes net tenure (actual hours each aphiboles. and is inmnsinent with results from ashes- 
empiopee worked) and cumulative quantitrt?ive eszimares - exposed  populations. 
of dust e-xposure shouid be compIered. The lack of such The SMRs for lung cancer (as well as for severaI 
analyses does not. hoxvever. negate the obsened rse other causes of death) are elevated in this goup of tak 

workers- Howerer. after adjustment for the confounding 
Another important criterion for eyaiuating c irV effect of s m o ~ n g  and the postulated role of very high ex- 

is consistency. There is evidence the rafc contains nonas- posures of short-term workers, the risk ratio for lung 
besiiform amphiboies and a minor raIc fiber component cancer decreases with increasing tenure. Tne lack of an 
(Campbell et al. 1979: Campbell 197Sr Keise andThomp- exposure-response sradient is not consisrenc with a cau- 
son 1989. 1990: Virta 1985). Mineral content of the talc sal relationship. The time occunrence of lung cancer 
varies somewhat but is generally in the range of 4 O b -  among these talc workers is more congruent with a 
60% tremolire. I%-iO% anthophyflite. - _____ .  . .... -. 20" 'P. 4% talc. smokine rhan a ralc etiology. 
20% -30% serpentine (antigorite-lizardite 1. and 0?0-2% 

~ o m p s o n  1989). YIOSH in 1 9 ~ 0  re- .4cknow~edgemenrs. I wish to paniculariy thank Joyce Aycnman. 
paned o\'er 70% tremolite and anrhophylIite fibers in Steve Swecker and Kathy Orosz for their competent and cheerful 

assistance. bulk and airborne samples from the rdc mine that satis- 
tied the regulatory. definition of Z 3: I aspect ratio and 
>5pm Iengrh (Dement et ai. l!?SOI. .A mineraiogicai 
definition of asbestifom mineral fiber populations re- 
quires [fie presence o t  many parric!cs > 5 urn !on: \vith 
aspect ratios greater than 20: 1 and thin librils < 0.5 
pm in width. Xnaiysis of both hulk and airborne par- 
ticles from [he talc mine traditionally show litrie to no 

none sho\\.ed such asbestifom ChilraCI~n'StiCS 3s splayed 
ends. cun'acure. or parallel fibers occum'ng in bundfcs 
for the amphibole cornponenrs. For comparison. allour 
50% (37"b-(i?"b ) of airborne fibers from asbestos min- 
ins and b a s i n 9  operations had aspect r ~ i o s  > x :  1. 
.2,bour -?'; (O0$ -hob 1 of airborne clc3vage iragrnents 
from other ncinasbestiitirrn amphibole mines f airnminp- 
tonire, minolife grun 

1 

cases was 25 years: the Iengh of time sine n m h g  km mining nonasbestiform amphxhles. \ 

* 
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